Background: It is unknown why some cases of Barrett's esophagus progress to invasive malignant disease rapidly while others do so more slowly or not at all. The aim of this study was to identify demographic and endoscopic factors that predict dysplastic and neoplastic progression in patients with Barrett's esophagus.
Conclusion : L'âge avancé, des segments d'oesophage de Barrett plus longs et la présence d'irrégularités muqueuses ont été associés à un risque accru de progression dysplasique et néoplasique. En plus de la dysplasie, ces facteurs peuvent faciliter la T he past 3 decades have seen a dramatic increase in North America in the rate of esophageal adenocarcinoma (EAC). [1] [2] [3] Barrett's esophagus is a wellknown premalignant esophageal condition that has the potential to progress to invasive adenocarcinoma. 4, 5 Although controversial, the most accepted definition in North America for Barrett's esophagus follows the position supported by the American College of Gastroenterology: any length in the distal esophageal epithelium that can be recognized through endoscopy as columnar-type mucosa and confirmed by biopsy to have intestinal metaplasia. 6 The key for curable management of invasive adenocarcinoma in patients with known Barrett's esophagus is the detection and eradication of cancer while it is still at an early stage. Indeed, enrolment into an endoscopic surveillance biopsy program is the current recommendation for patients with Barrett's esophagus. 6 However, not all patients with Barrett's esophagus are being identified, as their symptoms are controlled with medications and the disorder eventually progresses to EAC without their undergoing any surveillance. At present, the recommendations for the period of surveillance in patients with nondysplastic Barrett's esophagus ranges between 2 and 3 years. [6] [7] [8] Because the rate of progression from nondysplasia to cancer has been estimated to be 0.1%-0.5% per year, 9,10 most patients may not benefit from a routine endoscopic biopsy surveillance program, which makes the clinical effectiveness and cost-effectiveness of this program questionable. 11, 12 On the other hand, in some patients, there is a very rapid progression to malignant disease within the 2-or 3-year period recommended for surveillance.
Given these circumstances, a risk stratification for neoplastic progression among patients with Barrett's esophagus would be more ideal and would make the surveillance program more cost-effective in the long term, as it would allow for individualization of intensive surveillance for those at high risk.
In current practice, the management of patients with Barrett's esophagus is based on the pathologic findings of the endoscopic biopsy sample. However, to be able to stratify the risk of dysplastic or neoplastic progression, additional predictors are required to identify patients at higher risk for progression. When these predictors are used in conjunction with endoscopic biopsy, they may improve the efficiency and cost-effectiveness of surveillance programs.
The aim of this study was to identify readily available demographic and endoscopic factors that can predict the progression to any dysplastic or neoplastic grade from a baseline of nondysplastic Barrett's esophagus. The primary objective was to identify the predictors of progression from nondysplastic Barrett's esophagus epithelium to highgrade dysplasia or cancer. The secondary objective was to calculate the annual incidence of each type of progression.
Methods
All patients with a diagnosis of Barrett's esophagus who were evaluated at the McGill University Health Centre, Montréal, between January 2000 and December 2010 were assessed for inclusion. We reviewed demographic and endoscopic data for each patient confirmed by endoscopy and pathology to have Barrett's esophagus. We maintained strict criteria for Barrett's esophagus: endoscopic (columnarlined mucosa) and pathologic (intestinal metaplasia) criteria were required. For identification of predictors of progression, patients were included only when there was 1) a diagnosis of Barrett's esophagus that was confirmed on both pathologic and endoscopic findings, 2) 2 or more endoscopic surveillance visits carried out in order to assess progression status and 3) no prior history of esophageal cancer or esophageal/gastric resection.
Patients were identified through a comprehensive pathology database of the McGill University Health Centre. All patients with intestinal metaplasia of the esophagus were captured through this database. Their demographic and endoscopic findings were then obtained from both an endoscopy database and the medical chart. Demographic variables included age and sex; endoscopic variables included endoscopy date, information on hiatal hernia presence, presence of esophagitis, presence of ulcer, Barrett's segment length, presence of mucosal irregularities (nodules, irregular mucosa or polyps) and presence of stricture. Smoking, alcohol use and obesity were not included as potential variables owing to lack of adequate documentation of these variables in the older charts.
We classified patients into 3 groups based on their baseline pathologic status at the first endoscopy: 1) nondysplastic Barrett's esophagus, 2) indefinite of dysplasia or low-grade dysplasia or 3) high-grade dysplasia or EAC. To identify predictors of dysplastic and neoplastic progression, we analyzed 2 different stages of progression: from nondysplastic Barrett's esophagus to any dysplastic or neoplastic grade, and from nondysplastic Barrett's esophagus to high-grade dysplasia or EAC.
Statistical analysis
We used the statistical software program Stata 12 (StataCorp) for all analyses. We calculated the incidence rate (cases per 1000 person-years) for each type of progression outcome being investigated among the patients included in the final analysis. Length of time for progression from nondysplastic Barrett's esophagus to premalignant/ malignant lesions was initially examined by time-to-event analysis. We used Kaplan-Meier curves and log-rank tests to see the survival difference among selected categories.
We used age-adjusted Cox regression models to estimate risk factors for progression. For multivariate modelling, we applied an empirical estimation in which all the independent variables were examined for their covariate effects. We analyzed demographic and endoscopic characteristics using the low-risk category as the referent group. Two-sided p values < 0.05 were considered to be statistically significant. Owing to the nature of the data and availability at multiple observations per patient, we used generalized estimating equation models to calculate how the progression at an index visit was predictive from the variables of the previous visit. We examined all independent variables to estimate their covariate influence in order to identify factors that were most predictive of progression.
Results
From January 2000 to December 2010, 1054 patients with intestinal metaplasia of the esophagus were identified in the pathology database. A total of 303 patients were excluded because there was no documentation of columnar-lined mucosa on endoscopy or we were unable to locate the endoscopy report, leaving 751 patients who were confirmed to have both pathologic and endoscopic diagnosis of Barrett's esophagus. Of the 751, 518 had 2 or more surveillance visits and were thus eligible for the progression analysis.
Baseline demographic and endoscopic characteristics of the 518 patients are shown in Table 1 . Among the 518, 458 had Barrett's esophagus without any degree of dysplasia, and in 60, the disorder had progressed to any dysplastic grade or cancer. The incidence of progression to any dysplastic grade or cancer was 19.8 cases per 1000 person-years (95% confidence interval [CI] 14.2-27.6). High-grade dysplasia or EAC developed in 10 patients, with an overall progression rate of 5.5 cases per 1000 person-years (95% CI 2.9-10.3). The cumulative incidence of progression to dysplastic or neoplastic lesions by age and by length of the Barrett's esophagus segment is shown in Figure 1 and Figure 2 , respectively. The cumulative incidence of progression to high-grade dysplasia/EAC by age and by presence of mucosal irregularities is shown in Figure 3 and Figure 4 , respectively.
Univariate analyses of the effect of potential factors on progression from nondysplastic Barrett's esophagus to any dysplastic or neoplastic grade showed that length of the Barrett's esophagus segment of 3 cm or greater was a significant predictor of progression (p = 0.03). Presence of ulcer (p = 0.01) and presence of mucosal irregularities (p = 0.001) were significant predictors of progression from nondysplastic Barrett's esophagus to high-grade dysplasia/EAC.
Multivariate Cox regression analyses showed that only length of the Barrett's esophagus segment of 3 cm or greater was an independent predictor of progression from nondysplastic Barrett's esophagus to any dysplastic or neoplastic grade (hazard ratio [HR] 2.2, 95% CI 1.1-4.7) ( Table 2 ). The presence of mucosal irregularities was an independent predictor of progression from nondysplasia to high-grade dysplasia/EAC (HR 4.6, 95% CI 1.1-18.3) ( Table 3 ). Other factors carried no predictive value for dysplastic or neoplastic progression.
Generalized estimating equation analysis gave almost identical results to the Cox regression analyses. Length of the Barrett's esophagus segment of 3 cm or greater (odds ratio [OR] 1.2, 95% CI 1.1-1.3) and increased age (≥ 60 yr) (OR 3.5, 95% CI 1.7-7.4) were the only independent predictors of progression to any dysplastic and neoplastic grade ( Table 4) . Presence of mucosal irregularities (OR 8.6, 95% CI 2.4-30.4) and increased age (OR 5.1, 
Incidence of progression
Length of follow-up, mo 95% CI 1.6-16.6) were the only significant independent predictors of progression to high-grade dysplasia/EAC.
discussion
In this study, we examined 2 different types of dysplastic and neoplastic progression in patients with Barrett's esophagus. Consistent with previous studies, 13, 14 we found that most patients remained in a nondysplastic condition over a median follow-up period of almost 5 years. However, for those who progressed from nondysplastic Barrett's esophagus to any dysplastic or neoplastic grade, only a longer Barrett's esophagus segment and age 60 years or more were independent predictors. Presence of mucosal irregularities and age 60 years or more were independent predictors of progression from nondysplastic Barrett's esophagus to high-grade dysplasia/EAC. This suggests that patients with these risk factors should perhaps be prioritized for shorter intervals of surveillance, and those deemed at low risk based on our findings could perhaps undergo surveillance at longer intervals.
Age as a risk factor for dysplastic and neoplastic progression of Barrett's esophagus is considered controversial, as it has been reported in some studies 15, 16 but not in others. [17] [18] [19] In the present study, age was an independent predictor in the generalized estimating equation model but not in the multivariate Cox regression analysis. However, in Cox regression, the HR was greater than 1, which suggests that age likely has some impact, albeit not statistically significant. This is likely a type II error that would have become significant in the multivariate analysis if we had had a larger sample.
Sex did not play a significant role in dysplastic or neoplastic progression in the current study. There is disagreement in the literature about the role of sex in progression of Barrett's esophagus. 16, 19, 20 Nevertheless, a higher male to female ratio among patients with EAC 21 may possibly be explained by the finding that Barrett's esophagus develops at a younger age in men than in women. 21, 22 Length of the Barrett's esophagus segment is frequently described as a risk factor for malignant progression; the longer the segment, the greater the risk of progression. 23, 24 In our study, patients with a Barrett's epithelial segment of 3 cm or greater were more likely to progress to dysplastic and neoplastic grades than those with a length less than 3 cm. However, this factor was not a significant predictor of progression to high-grade dysplasia/EAC. This may have been due to the small number of patients who progressed on this path. This suggest that patients with a longer Barrett's esophagus segment should undergo more intense surveillance. However, surveillance of patients with a shorter Barrett's esophagus segment should not be limited.
In previous studies, the presence of a hiatal hernia was more common among patients who progressed to dysplastic or neoplastic grades than among those who did not progress owing to disruption of the physiologic antireflux barrier, which creates a greater probability of dysplastic and neoplastic progression. 17, 25 The presence of a hiatal hernia was not significant enough to serve as an independent predictor in our study and that by Sikkema and colleagues. 26 One possible reason for this discrepancy is the lack of documentation of hiatal hernia in endoscopy reports.
Esophagitis can play an important role in dysplastic and neoplastic progression, as the underlying inflammation may increase the possibility of abnormal proliferation and neoplastic mutation. 27 In the current study, esophagitis was not a strong predictor of progression. One possible reason for this is the aggressive treatment of esophagitis with proton pump inhibitors, which reduce the inflammatory process while at the same time reducing progression. Similarly, complications of esophagitis such as esophageal ulcers and strictures were not significant predictors of progression. Their role in dysplastic and neoplastic progression in patients with Barrett's esophagus is controversial. Some studies 28, 29 showed that patients with esophageal ulcers or strictures were more likely to progress to highgrade dysplasia and cancer than those without, whereas the study by Sikkema and colleagues 26 showed no link. In the current study, neither factor was an independent predictor of dysplastic or neoplastic progression.
Several studies have confirmed the presence of mucosal irregularities, including nodules, nodular mucosa and polypoid lesions, to be associated with a higher risk of progression to high-grade dysplasia and EAC. [30] [31] [32] In the present study, the presence of mucosal irregularities was an independent predictor of progression from nondysplastic Barrett's esophagus to high-grade dysplasia/EAC only and not of progression to any dysplastic or neoplastic grade. This may have been due to the presence of nodules, which can increase the risk of high-grade dysplasia or EAC specifically. Another possible reason may be the frequent use of endoscopic mucosal resection instead of conventional biopsy of a large suspicious area that might include a focus of cancer or high-grade dysplasia.
Limitations
The retrospective nature of our study and the lack of strict control over different variables are disadvantages compared to a prospective study. In addition, endoscopy reports were missing for some patients and/or for some visits for different patients. The retrospective nature of the study also made the identification of lifestyle and clinical variables challenging and sometimes impossible. We were unable to investigate the role of smoking, alcohol or obesity owing to poor documentation of these variables in the older charts; in addition, the pattern of these variables may be modified at the time of diagnosis of Barrett's esophagus. There is also the possibility of recall bias, as most of our patients received the diagnosis several years ago. Furthermore, we were unable to address the role of molecular markers in progression of Barrett's esophagus because of the retrospective nature of the study and the fact that these molecular markers were not routinely tested at our institution. Some patients have no symptoms and may progress to the dysplastic or even neoplastic stage without being identified until the late neoplastic stage. These patients may be difficult to identify or stratify for risk as they are asymptomatic and will not undergo any kind of investigation. They will not benefit from risk stratification. Another limitation is the lack of a standardized biopsy protocol at our institution, and some endoscopists performed surveillance biopsies without following the proper guidelines. In general, this lack of attention to protocol reduces the chance of detecting dysplasia or cancer in patients with Barrett's esophagus, and this may have reduced the overall number of patients with progression in our cohort. There is also the possibility that some patients who had follow-up visits in our centre may have moved to another city, progressed, sought medical advice in other centres or a different city, or died, and some may have simply withdrawn from the surveillance program offered to them. These factors may have affected the results.
conclusion
Our study has shown that a longer length of the Barrett's esophagus segment, increased patient age and the presence of mucosal irregularities are all predictive of neoplastic progression of Barrett's esophagus. These factors may be used together with the pathologic grade to individualize the frequency of surveillance based on the estimated risk. However, more prospective studies with larger samples are required to validate these results.
